
PLANT RESISTANCE

Effect of Nitrogen on Resistance of Sweet Potato to Sweetpotato
Weevil (Coleoptera: Curculionidae) and on Storage Root Chemistry

LIXIN MAO,1 RICHARD N. STORY,2 ABNER M. HAMMOND, JOSEPH K. PETERSON,3 AND

DON R. LABONTE4

Department of Entomology, Louisiana Agricultural Experiment Station, Louisiana State University Agricultural Center,
Baton Rouge, LA 70803

J. Econ. Entomol. 94(5): 1285Ð1291 (2001)

ABSTRACT The effects of nitrogen fertilizer on sweet potato, Ipomoea batatas (L.) Poir., resis-
tance to the sweetpotatoweevil,Cylas formicarius elegantulus (Summers), was studied. Adult weevil
feeding and oviposition preference, larval survival, and pupalweightwere used asmeasures of sweet
potato resistance. Sweet potato resin glycosides and caffeic acid concentrations in the periderm
tissue of storage roots also were measured. Sweet potato genotypes (Beauregard, Excel, W-244,
W-250, and Sumor) with varying levels of resistance to sweetpotato weevil were grown in the Þeld
under three nitrogen regimes (0, 45, and 135 kg N/ha). Harvested storage roots were evaluated in
the laboratory for feeding and oviposition activity of sweetpotato weevil female adults under
no-choice and choice test conditions. Larval survival rate and pupal weight were determined by
rearing the insects individually on storage root sections. Nitrogen level had a signiÞcant effect on
the number of eggs deposited, but not on the number of feeding punctures. Sweetpotatoweevils laid
fewer eggs on plants with the highest level of nitrogen. Nitrogen levels did not signiÞcantly affect
larval survival and pupal weight. Genotype had a signiÞcant effect on feeding, oviposition, and larval
survival. Beauregard had higher levels of feeding, oviposition, and larval survival compared with the
other genotypes. No interaction effects between nitrogen and genotype were signiÞcant. Resin
glycosides and caffeic acid concentrations were signiÞcantly different among genotypes and be-
tween years. Nitrogen levels signiÞcantly affected the concentrations of caffeic acid in 1997.
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THE SWEETPOTATOWEEVIL,Cylas formicarius elegantulus
(Summers), is the most destructive insect pest of
sweet potato, Ipomoea batatas (L.) Poir., worldwide
(Jansson and Raman 1991). It attacks sweet potato in
the Þeld and during storage. Eggs are laid in accessible
roots or vines, and the larvaedevelopwithin the tissue.
Larval tunneling induces terpenoid production in the
roots, and these terpenoids impart a bitter taste and
render even slightly damaged roots unÞt for consump-
tion (Uritaini et al. 1975). Because of the concealed
nature of the feeding habit, the use of sweetpotato
weevil resistant cultivars would be a practical and
economical method of control (Collins and Mendoza
1991). Varying levels of resistance have been reported
in both Þeld and laboratory evaluations (Mullen et al.
1980a, 1985; Story et al. 1996, 1999a, 1999b, 1999c;
Thompson et al. 1999). However, inconsistent perfor-

mance by selected breeding lines between years and
within years at different locations is often encoun-
tered, limiting the successful development of com-
mercially useful resistant sweet potato genotypes
(Collins et al. 1991).
The expression of host plant resistance to insects

can be affected by both biotic and abiotic environ-
mental factors. IdentiÞcation of these factors would
help in the selection and breeding of resistant geno-
types. Little research has been done to identify envi-
ronmental factors that may inßuence sweet potato
resistance to sweetpotato weevil. Nitrogen (N) is a
critical element in plant growth and has been recog-
nized as having a role in insect-plant interactions
through alterations in nutritional suitability of plant
tissue, enzymeactivities, and secondarycompounds in
plants (McNeill and Southwood 1978, Gershenzon
1984). The inßuence of nitrogenous fertilizer appli-
cations on insect behavior, population dynamics, and
host plant resistancehas been studied formany insect-
plant systems (McNeill and Southwood 1978,Mattson
1980, Tingey and Singh 1980, Dowell and Steinberg
1990). The results seem to differ depending on host
plant and insect species.Most studies show that insect
growth, fecundity, population density, and damage to
host plants increase with higher levels of plant N,
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whereas �25% of studies indicate a negative correla-
tion or are inconclusive (Scriber 1984a). Some studies
have shown that insects tend to prefer a particular
level of nitrogen (Archer et al. 1982, Prestidge 1982,
Jansson and Smilowitz 1986). These studies suggest
that variations in the levels of N in the Þeld may
contribute to the variability of insect resistance in
plants. In this study, we investigated the effects of
nitrogenous fertilizer applied during the growing sea-
son on sweetpotato weevil feeding, ovipositional ac-
tivities (no-choice tests), and preference among dif-
ferent genotypes (choice tests) under laboratory
conditions. Larval survival rate and growth (repre-
sented by pupal weight) on storage roots also were
evaluated. In addition, the concentrations of sweet
potato resin glycosides and caffeic acid in the peri-
derm tissue of storage roots were measured because
these two compounds are believed to be related to
pest resistance in sweetpotato(PetersonandHarrison
1992, Peterson et al. 1998, Jackson and Peterson 2000).

Materials and Methods

Field experiments were conducted at the Burden
Research Plantation, LSU Agricultural Center, Baton
Rouge, LA. In 1997, two genotypes, Beauregard and
Excel, and two breeding lines, W-250 andW-244 (ob-
tained from the sweet potato breeding program of
Janice R. Bohac, U.S. Vegetable Laboratory, USDA-
ARS, 2875 Savannah Highway, Charleston, SC) were
used. Beauregard is susceptible to sweetpotatoweevil,
while the other lines have shown a moderate level of
resistance (Story et al. 1999a, 1999b, 1999c). In 1998,
the genotype Sumor was used in place of W-250 be-
cause the resistance of W-250 was low in 1997 tests.
The treatments were 3 � 4 factorial combinations of
three N levels (0, 45, and 135 kg N/ha) by four ge-
notypes (lines) arranged in a randomized complete
block designwith six blocks. Each treatment consisted
of three seven-plant rows using a 0.3-m spacingwithin
rows and 1.0-m spacing between rows. Sweet potato
slips were transplanted on 17 July 1997 and 23 June
1998. Before transplanting, commercial fertilizer (N-
P-K: 8-24-24) was applied at the rate of 45 kg N/ha for
both 45 and 135 kg N/ha plots. The 0 kg N/ha plots
received the same amount of non-nitrogen fertilizer
(0-24-24). Two additional applications of ammonium
nitrate (34% N) at the rate of 45 kg N/ha were made
for the 135 kg N/ha plots at 40 and 75 d after trans-
planting. Storage roots from the central row were
harvested at 110 d after transplanting, cured (30�C,
90% RH for 7 d), and stored at 15� 2�C, until used in
insect bioassays and chemical analysis.
Two leaf samples (blades only) were taken in 1997

from four of the six blocks at 60 and 95 d after trans-
planting. The samples were rinsedwith deionizedwa-
ter, dried at 70�C, and groundwith amortar and pestle
to pass a 20-mesh screen. Total N was determined
using a FP-428 Nitrogen Analyzer (LECO, St. Joseph,
MI).

Insect Rearing. A sweetpotato weevil colony was
established from a Þeld collected population (�500

adult insects) and maintained in the laboratory on
storage roots of Beauregard in plastic containers (5.6
liter)with screen covers at 28� 2�Cand85� 10%RH.
In preparing experimental insects, Þve fresh storage
roots (US #1) were exposed to�1000 unsexed adults
for 5 d, and then removed and kept under the condi-
tionsdescribedabove.Emergingadultswerecollected
weekly and held with fresh storage roots. Female
adults 3Ð4wk oldwere used in the bioassays to ensure
adequate egg-laying capability (Wilson et al. 1988).

Feeding and Oviposition Bioassay. The assay tech-
nique was an adaptation of one previously described
by Mullen et al. (1980b) and has been used in several
sweetpotato weevil feeding and oviposition studies
(Nottingham et al. 1987, Wilson et al. 1988). It con-
sisted of a 24-well tissue culture plate (12.5 by 8.5 by
2.0 cm; Falcon model 3047, Becton Dickenson, Lin-
coln Park, NJ) placed in a rectangular clear plastic
container (17 by 12 by 6 cm; Tri-State Plastic, Latonia,
KY). Cores were cut from selected roots with a cork
borer (1.6 cm diameter) and inserted into thewells so
thatonly the surfaceof the rootperidermwasexposed.
The diameters of the cores were the same diameter as
the wells, providing for a tight Þt. Female adults were
keptwithout food for 3 h before being introduced into
the arena at the rate of two weevils per root core. A
moist cotton ball was placed in the container to main-
tain 90Ð100% RH and prevent desiccation of the root
cores. The number of feeding punctures on each core
was recorded after 24 h, and the number of eggs was
counted after 48 h. Bioassays were conducted at 28�
2�Cand85�10%RHunder total darkness toeliminate
light as a variable. Roots from all 12 treatments and six
blocks were tested in the bioassay in 1997. In 1998,
roots from one block were discarded because of the
presence of weevils, leaving Þve blocks for testing. In
no-choice tests, a single root core from one treatment
was presented to the weevils. In choice tests, 12 root
cores were placed in the arena, each cut from one
randomly selected root from each treatment within a
given block. For each block, the tests were repeated
four to eight times depending upon the availability of
roots.

Larval Survival and Development Bioassay. Sweet-
potato weevils were reared individually on storage
roots in petri dishes by transferring a single egg into a
root section (�1.5 by 1.5 by 1.5 cm)with a cavity (1Ð2
mm deep, cut with a No. 1 cork borer) for its recep-
tion.EggswereobtainedbyexposingBeauregard stor-
age roots to a large number of females for 24 h. A
needle nosed forceps was used to gently transfer the
eggs. At 12 d after the eggs were deposited, the root
sections were examined to determine if the eggs had
hatched. Nonviable eggs or rotten root sections were
discarded. At 25 d after oviposition, root sectionswere
dissected to locate pupae. Larval survival and pupal
weights were recorded. Roots from all 12 treatments
were tested using a completely randomized experi-
mental design, with sample sizes ranging from 19 to 32
observations per treatment. The variable sample size
was due to egg mortality. Bioassays were conducted
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under conditions of 28 � 2�C and 85 � 10% RH and
total darkness.

Chemical Analysis. Sweet potato roots were care-
fully washed under ßowing water and dried. A ran-
domized complete block experimental design was
used, with 3Ð5 roots from each treatment within each
block used to produce one sample for chemical anal-
ysis. Periderm tissue was gently scraped off the roots
with a scalpel. Only healthy and undamaged roots
were used to prevent contamination from stress-in-
duced metabolites. The periderm was dried at 50�C,
and ground to a Þne powder under liquid nitrogen
using a mortar and pestle. Subsequently the powder
was redried and stored in vials under nitrogen in a
freezer until analysis. Samples (200 mg) were placed
in Teßon-lined, screw-capped test tubes, and 2.0ml of
methanol containing 0.08 mg of chrysin (recrystal-
lized from amyl alcohol) was added. The test tubes
were ultrasonicated for 20 min while the surrounding
waterwas cooledwith ice.The tubeswerecentrifuged
and the supernatant Þltered through Nylon-66 mem-
braneÞlters (0.20�m;PierceChemical, Rockville, IL)
into auto injector vials for analysis.
Resin glycoside and caffeic acid concentrations

were analyzed by reversed phaseHPLC using 20�l of
the solution. For resin glycoside, a H2O/MeOH linear
gradient from 60 to 100% MeOH in 15 min was used
and held at 100% MeOH for 25 min.; ßow rate was 1
ml min�1 and detection was at 230-nm. A second
injection was made for caffeic acid analysis. A H2O/
MeOH linear gradient from 10 to 100% MeOH in 35
minwas used andheld at 100%MeOHfor 25min.; ßow
ratewas 1mlmin�1 anddetectionwas at 340-nm.Each
solvent contained 0.1% H3PO4. The column was a
BeckmanUltrasphereC18, 5�m(4.6 by 250mm;Beck-
man and Coulter, Fullerton, CA). PuriÞed substances
wereused as external standards todetermine response
factorversus chrysin forquantiÞcation.Referencegly-
coside material was puriÞed using Sephadex column
chromatography followed by semipreparative HPLC
as described previously (Peterson et al. 1998). Refer-
ence caffeic acid was purchased from Aldrich (Mil-
waukee, WI).

DataAnalysis.Datawereanalyzedusing thegeneral
linear model procedure PROC GLM with a factorial
treatment structure followed by the Tukey test for
mean comparisons (SAS Institute 1990). Percentage
larval survival data were converted by square-root
transformation to obtain a homogenous variance. Year
effect was analyzed by pooling the two years of data

togetherwith anested treatment structuremodel. The
signiÞcance level was � � 0.05.

Results

Concentration of Total Leaf N. N regime had a
signiÞcant effect on the concentration of nitrogen in
the leaves of plants, with the higher N regime having
higher levels of leaf nitrogen (Table 1). The concen-
tration of nitrogen in the leaves did not differ among
the four genotypes. The N and genotype interaction
was not signiÞcant, suggesting that genotypes re-
sponded to N regime in a similar manner.

Feeding and Oviposition. The main effects of N re-
gime and genotype were examined since no signiÞcant
interaction effects were found (Table 2). N regime did
not have a signiÞcant effect on the number of feeding
punctures in 1997 and 1998. N regime had a signiÞcant
effect on the number of eggs deposited in 1997 (choice
testsonly)andin1998(bothchoiceandno-choicetests).
Fewereggswere laidunderthe135-kgN/haregimethan
under the 45-kg N/ha regime.
Genotype had a signiÞcant effect on the number of

feeding punctures in 1997 and 1998 under both choice
and no-choice conditions (Table 2). More feeding
punctures were present on the susceptible genotype
Beauregard than the four resistant genotypes. These
differenceswere signiÞcant inmost genotypes in both
testing situations and in both years. Genotype had a
signiÞcant effect on the number of eggs deposited in
1997 (choice tests only) and 1998 (both choice and
no-choice tests). Beauregard received signiÞcantly
more eggs than the resistant genotypes in 1998 (both
choice and no-choice tests) but not in 1997 (with a
single exception of W-244 in the choice test). Among
the resistant genotypes, there were not any obvious
trends in the number of eggs deposited.
The year effect was signiÞcant in the number of

feedingpunctures andeggs inno-choice tests (feeding
punctures: F � 40.65; df � 1, 103; P � 0.01. eggs: F �
6.25; df� 1, 103;P� 0.01), but not signiÞcant in choice
tests (feeding punctures: F � 2.54; df � 1, 103; P �
0.1139. eggs: F � 0.02; df � 1, 103; P � 0.9012).

Larval Survival andPupalWeight.Themain effects
of N regime and genotype were examined since no
signiÞcant interaction effectswere found (Table 3).N
regime did not have a signiÞcant effect on larval sur-
vival and pupal weight in 1997 or 1998. All three N
regimes had similar larval survival and pupal weight.
Genotype had a signiÞcant effect on larval survival in

Table 1. Leaf nitrogen concentration (% N) of four sweet potato genotypes grown under three nitrogen regimes in 1997

N regime Beauregard Excel W-244 W-250 Meansa

0 kg/ha N 4.04� 0.12 3.26� 0.46 3.53� 0.25 3.31� 0.52 3.54� 0.18a
45 kg/ha N 4.08� 0.12 3.36� 0.22 3.62� 0.35 3.40� 0.31 3.62� 0.17a
135 kg/ha N 4.56� 0.11 4.14� 0.29 4.17� 0.14 4.24� 0.38 4.28� 0.13b
Meansb 4.23� 0.17a 3.57� 0.28a 3.77� 0.20a 3.65� 0.30a

Means (�SEM, n � 4) of leaf samples taken at 60 and 95 d after treatment.
aMain effects of N regime; means followed by the same letter within column are not signiÞcantly different (P � 0.05, Tukey test).
bMain effects of cultivar; means followed by the same letter within row are not signiÞcantly different (P � 0.05, Tukey test).
ANOVA results: Nitrogen: F � 7.25; df � 2, 36; P � 0.01. Cultivar: F � 2.76; df � 3, 36; P � 0.06. Interaction: F � 0.16; df � 6, 36; P � 0.99.
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both years, but not on pupal weight. In 1997, sweet-
potatoweevil rearedonBeauregardhada signiÞcantly
higher rate of survival than individuals reared on the
resistant genotypes. W-244 had the lowest survival
rate (81.7%) of all genotypes. In 1998, weevils reared
on Beauregard again had a signiÞcantly higher rate of
survival than individuals reared on the resistant ge-
notypes, whereas no difference was found among the
three resistant genotypes. Weevils had similar pupal
weight on all genotypes. The year effect was not sig-
niÞcant for larval survival (F � 2.91; df � 1, 23; P �
0.10) and pupal weight (F � 0.26, df� 1, 23; P � 0.62).

Resin Glycosides and Caffeic Acid Concentrations.
N regime did not have a signiÞcant effect on the
concentration of resin glycosides in both years (Table
4). N regime had a signiÞcant effect on caffeic acid
concentration in 1997 (where higher N levels were
associatedwith a higher concentration of caffeic acid)
but no effect was detected in 1998 (Table 4). Geno-
type had a signiÞcant effect on both compounds in

1997 and 1998. Resin glycosides concentrations were
signiÞcantly different among all genotypes in 1997,
where Excel had the highest concentration followed
by W-244, Beauregard, and W-250. W-250 had the
highest caffeic acid concentration followed by Excel,
Beauregard, and W-244. In 1998, Excel again had a
higher concentration of resin glycosides than the
other three genotypes. Sumor had a higher concen-
tration of caffeic acid compared with the other three
genotypes (Table 4). The year effect was signiÞcant
for both chemicals (resin glycosides: F � 28.05; df �
1, 109; P � 0.01. caffeic acid: F � 39.36; df� 1, 109; P �
0.01). The concentration of resin glycosides was
higher in 1997 than in 1998. The concentration of
caffeic acid was lower in 1997 than 1998.

Discussion

Our study indicates that the tested N regimes did
not appreciably inßuence the feeding behavior of the

Table 2. Main effects of nitrogen and genotype on sweetpotato weevil adult feeding and oviposition under no-choice and choice test
conditions in 1997 and 1998

Main effects

1997 1998

No-choice test Choice test No-choice test Choice test

No. feeding
puncturesa

No. eggsb
No. feeding
puncturesc

No. eggsd
No. feeding
puncturese

No. eggsf
No. feeding
puncturesg

No. eggsh

0 kg/ha N 22.3� 1.08a 10.5� 0.52a 27.7� 2.34a 10.2� 0.61ab 30.0� 2.45a 9.7� 0.56b 31.2� 2.82a 9.9� 0.66ab
45 kg/ha N 23.7� 1.19a 10.7� 0.48a 28.8� 2.46a 11.0� 0.56a 31.2� 2.06a 11.1� 0.47a 32.8� 3.19a 10.8� 0.51a
135 kg/ha N 23.0� 1.28a 10.6� 0.42a 27.5� 2.14a 8.7� 0.59b 28.3� 2.49a 8.6� 0.61b 29.7� 2.33a 9.0� 0.71b
Beauregard 26.4� 1.34a 10.6� 0.48a 35.7� 2.32a 10.6� 0.42a 40.1� 1.64a 12.8� 0.55a 43.6� 1.90a 12.9� 0.60a
Excel 22.7� 1.19b 11.2� 0.50a 26.5� 1.61bc 10.7� 0.39a 29.9� 2.72b 9.3� 0.45b 37.3� 2.38a 9.3� 0.45b
W-244 19.9� 1.13c 10.1� 0.54a 20.7� 2.36c 8.2� 0.75b 28.0� 2.31b 8.2� 0.62b 27.0� 1.95b 7.6� 0.71c
W-250/Sumori 22.9� 1.39b 10.6� 0.64a 29.2� 2.96ab 10.3� 0.97a 21.4� 1.35b 8.9� 0.40b 16.9� 0.69c 9.7� 0.43b

Means � SEM within a column and main effect followed by the same letter are not signiÞcantly different (P � 0.05, Tukey test).
aNitrogen: F � 1.28; df � 2, 55; P � 0.29. Cultivar: F � 13.92; df � 3, 55; P � 0.01. Interaction: F � 0.84; df � 6, 55; P � 0.54.
bNitrogen: F � 0.14; df � 2, 55; P � 0.87. Cultivar: F � 2.09; df � 3, 55; P � 0.11. Interaction: F � 2.02; df � 6, 55; P � 0.08.
cNitrogen: F � 0.18; df � 2, 55; P � 0.84. Cultivar: F � 9.91; df � 3, 55; P � 0.01. Interaction: F � 0.95; df � 6, 55; P � 0.47.
dNitrogen: F � 6.92; df � 2, 55; P � 0.01. Cultivar: F � 5.45; df � 3, 55; P � 0.01. Interaction: F � 1.69; df � 6, 55; P � 0.14.
eNitrogen: F � 0.87; df � 2, 44; P � 0.42. Cultivar: F � 18.00; df � 3, 44; P � 0.01. Interaction: F � 0.33; df � 6, 44; P � 0.92.
fNitrogen: F � 15.87; df � 2, 44; P � 0.01. Cultivar: F � 30.27; df � 3, 44; P � 0.01. Interaction: F � 0.93; df � 6, 44; P � 0.48.
gNitrogen: F � 0.88; df � 2, 44; P � 0.42. Cultivar: F � 36.45; df � 3, 44; P � 0.01. Interaction: F � 0.30; df � 6, 44; P � 0.94.
hNitrogen: F � 5.72; df � 2, 44; P � 0.01. Cultivar: F � 26.10; df � 3, 44; P � 0.01. Interaction: F � 0.37; df � 6, 44; P � 0.89.
iData are from W-250 in 1997 and from Sumor in 1998.

Table 3. The main effects of nitrogen and genotype on sweetpotato weevil larval survival and pupal weight in 1997 and 1998

Main effect

1997 1998

Larval survivala

(%)
Pupal weightb

(mg)
Larval survivalc

(%)
Pupal weightd

(mg)

0 kg/ha N 92.0� 2.65a 7.44� 0.11a 91.1� 1.57a 7.51� 0.18a
45 kg/ha N 88.5� 2.98a 7.67� 0.15a 92.1� 1.90a 7.93� 0.09a
135 kg/ha N 89.8� 2.43a 7.98� 0.17a 92.4� 2.14a 7.48� 0.17a
Beauregard 98.9� 0.70a 7.49� 0.22a 98.1� 1.31a 7.24� 0.28a
Excel 89.5� 2.91b 7.77� 0.17a 89.8� 1.43b 7.69� 0.15a
W-244 81.7� 1.34c 7.96� 0.21a 89.9� 1.86b 7.85� 0.11a
W-250/Sumore 90.2� 1.41b 7.56� 0.13a 89.7� 1.65b 7.87� 0.09a

Means� SEMwithin a column andmain effect followed by the same letter are not signiÞcantly different (P � 0.05, Tukey test). Percentage
larval survival data were transformed to square-root before analysis. Means of untransformed data are presented.

aNitrogen: F � 1.99; df � 2, 11; P � 0.18. Cultivar: F � 23.76; df � 3, 11; P � 0.01. Interaction: F � 2.47; df � 6, 11; P � 0.09.
bNitrogen: F � 3.75; df � 2, 11; P � 0.06. Cultivar: F � 1.66; df � 3, 11; P � 0.23. Interaction: F � 1.11; df � 6, 11; P � 0.41.
cNitrogen: F � 0.20; df � 2, 11; P � 0.82. Cultivar: F � 5.71; df � 3, 11; P � 0.01. Interaction: F � 0.86; df � 6, 11; P � 0.55.
dNitrogen: F � 3.44; df � 2, 11; P � 0.07. Cultivar: F � 3.09; df � 3, 11; P � 0.07. Interaction: F � 0.27; df � 6, 11; P � 0.94.
eData are from W-250 in 1997 and from Sumor in 1998.
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sweetpotatoweevil.Weevils showeda slightnon-pref-
erence for the highest level of N for oviposition. This
trend was present regardless of genotype. Weevils
placed on resistant genotypes had lower feeding and
oviposition rates and lower larval survival, suggesting
both antixenosis and antibiosis may be mechanisms
involved in this resistance. However, N seems tomod-
ify only the antixenosis component, since N did not
signiÞcantly affect larval survival or pupal weight.
Sweetpotato weevil eggs are deposited in cavities

produced from feeding. Feeding and oviposition ap-
pear tobeclosely related(Ratnayake1995).However,
the insect feeds on all parts of the host plant but only
deposits eggs on storage roots and basal parts of the
stem (Reinhard 1923). Such behavior suggests that
different factors within the plant mediate the feeding
and oviposition activities. Wilson et al. (1989) indi-
cated that feeding and/or egg cavity formation and
ovipositionmight be stimulated by different cues. Our
results also suggest that sweetpotato weevil feeding
and oviposition behaviors may be mediated by differ-
ent host plant cues since N affected the number of
eggs deposited but not the number of feeding punc-
tures.
Nitrogen availability can alter the production of

secondary plant chemicals and thereby inßuence the
activity of herbivores (Scriber 1984b, Haukioja et al.
1985). Boehmeryl acetate is a secondary plant com-
pound, identiÞed as a sweetpotato weevil oviposi-
tional stimulant in sweet potato root periderm (Son
1989). The amount of boehmeryl acetate has been
correlatedwith oviposition (Wilson et al. 1989).Marti
et al. (1993) indicated that theNandKconcentrations
in sweet potato leaves had effects on storage root
surface chemistry. Therefore, the effect of N on ovi-
positionmay be due to an alteration in the production
of ovipositional stimulants. The genus Ipomoea con-
tains numerous secondary compounds that are pro-
duced either constitutively or upon induction by ex-
ternal agents (Kays 1992). Sweet potato resin
glycosides and caffeic acid in root periderm tissue are
two compounds that have antibiotic activities to in-
sects (Peterson and Harrison 1992). Jackson and

Peterson (2000) reported sublethal effects of the resin
glycosides onPlutella xylostellaL.Caffeic acid showed
adverse effects on a generalist herbivore, Helicoverpa
zea (Boddie) (Summers and Felton 1994). Our chem-
ical analysis showed that the concentrations of both
chemicals differed among genotypes, and might be
affected by N levels and other environmental factors.
This suggests a potential relationship between the
quantity of these two chemicals and host plant resis-
tance. The lack of a clear relationship of these chem-
icals with sweetpotato weevil resistance shown in this
study is possibly due to the feeding behavior of the
weevil in which the beetles chew through the peri-
derm and feed on the tissue beneath it. It is also
possible that the sweetpotato weevil can metabolize
or sequester these harmful chemicals.
In summary, nitrogenous fertilizer had a slight ef-

fect on sweetpotato weevil oviposition under both
no-choice and choice testing conditions, but not on
their feeding activities. Sweetpotato weevil oviposi-
tion is an important criterion used to compare the
resistance levels of genotypes. The level of N during
the growing season should be uniform so as to avoid
any bias on the outcome of resistance bioassays. In
addition, ÔyearÕ appears to have an effect on sweet-
potato weevil feeding, oviposition, and plant chemis-
try. Therefore, sweet potato germplasm should be
screened over multiple years before drawing conclu-
sions about the presence or absence of resistance.
Sweetpotato weevil resistance did not have a clear
relationship with the concentrations of resin glyco-
sides and caffeic acid in the root periderm of the
resistant genotypes evaluated in this study.
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Table 4. The main effects of nitrogen and genotype on resin glycoside and caffeic acid concentrations in the periderm tissue of sweet
potato storage roots in 1997 and 1998

Main effect

1997 1998

Resin glycosidea

(% DW)
Caffeic acidb

(% DW)
Resin glycosidec

(% DW)
Caffeic acidd

(% DW)

0 kg/ha N 2.47� 0.316a 0.32� 0.018b 1.67� 0.266a 0.41� 0.014a
45 kg/ha N 2.41� 0.320a 0.34� 0.018ab 1.84� 0.158a 0.41� 0.021a
135 kg/ha N 2.28� 0.309a 0.37� 0.018a 1.66� 0.184a 0.44� 0.014a
Beauregard 1.97� 0.720c 0.33� 0.054b 1.45� 0.157b 0.42� 0.023b
Excel 4.33� 0.821a 0.37� 0.066ab 2.68� 0.286a 0.40� 0.015b
W-244 2.71� 0.742b 0.27� 0.106c 1.35� 0.198b 0.39� 0.016b
W-250/Sumore 0.54� 0.261d 0.40� 0.068a 1.36� 0.124b 0.48� 0.015a

Means � SEM within a column and main effect followed by the same letter are not signiÞcantly different (P � 0.05, Tukey test).
aNitrogen: F � 0.58; df � 2, 55; P � 0.57. Cultivar: F � 121.77; df � 3, 55; P � 0.01. Interaction: F � 0.98; df � 6, 55; P � 0.44.
bNitrogen: F � 4.34; df � 2, 55; P � 0.02. Cultivar: F � 13.78; df � 3, 55; P � 0.01. Interaction: F � 0.88; df � 6, 55; P � 0.52.
cNitrogen: F � 0.27; df � 2, 49; P � 0.77. Cultivar: F � 14.55; df � 3, 49; P � 0.01. Interaction: F � 0.64; df � 6, 49; P � 0.70.
dNitrogen: F � 1.84; df � 2, 49; P � 0.17. Cultivar: F � 7.55; df � 3, 49; P � 0.01. Interaction: F � 2.04; df � 6, 49; P � 0.08.
eData are from W-250 in 1997 and from Sumor in 1998.

October 2001 MAO ET AL.: N FERTILIZATION AND SWEETPOTATO WEEVIL 1289



References Cited

Archer, T.L., A.B. Onken, J. L. Matheson, and E. D. Bynum,
Jr. 1982. Nitrogen fertilizer inßuence on greenbug (Ho-
moptera: Aphididae) dynamics and damage to sorghum.
J. Econ. Entomol. 75: 695Ð698.

Collins, W. W., A. Jones, M. A. Mullen, N. S. Talekar, and
F. W. Martin. 1991. Breeding sweet potato for insect
resistance: a global overview, pp. 379Ð397. In R. K. Jans-
son and K. V. Raman [eds.], Sweet potato pest manage-
ment: a global perspective. Westview, Boulder, CO.

Collins, W. W., and H. A. Mendoza. 1991. Breeding sweet
potato for weevil resistance: future outlook, pp. 399Ð406.
InR.K. JanssonandK.V.Raman[eds.]. Sweetpotatopest
management: a global perspective. Westview, Boulder,
CO.

Dowell, R. V., and B. Steinberg. 1990. Inßuence of host
plant characteristics and nitrogen fertilization on devel-
opment and survival of immature citrus blackßy, Aleuro-
canthus woglumi Ashby (Hom., Aleyrodidae). J. Appl.
Entomol. 109: 113Ð119.

Gershenzon, J. 1984. Plant secondary metabolite produc-
tion under stress. Recent Adv. Phytochem. 18: 273Ð320.

Haukioja, K., P. Niemela, and S. Siren. 1985. Foliage phe-
nols and nitrogen in relation to growth, insect damage,
and ability to recover after defoliation in the mountain
birch Betula pubescens ssp tortuosa. Oecologia 65: 214Ð
222.

Jackson, D. M., and J. K. Peterson. 2000. Sublethal effects of
resin glycosides from the periderm of sweetpotato stor-
age roots onPlutella xylostella (Lepidoptera: Plutellidae).
J. Econ. Entomol. 93: 388Ð393.

Jansson, R. K., and Z Smilowitz. 1986. Inßuence of nitrogen
on population parameters of potato insects: abundance,
population growth, and within-plant distribution of the
green peach aphid, Myzus persicae (Homoptera: Aphidi-
dae). Environ. Entomol. 14: 500Ð506.

Jansson, R. K., and K. V. Raman. 1991. Sweet potato pest
management: a global overview, pp. 2Ð12. InR.K. Jansson
and K. V. Raman [eds.], Sweet potato pest management:
a global perspective. Westview, Boulder, CO.

Kays, S. J. 1992. The chemical composition of the sweet-
potato, pp. 201Ð262. In W. A. Hill, C. K. Bonsi, and P. A.
Loretan [eds.], Sweetpotato technology for the 21st cen-
tury. Tuskegee University, Tuskegee, AL.

Marti, H. R., H. A. Mills, R. F. Severson, and S. J. Kays. 1993.
Nutritional effects on sweetpotato storage root surface
chemistry. J. Plant Nutrition 16: 653Ð665.

Mattson, W. J., Jr. 1980. Herbivory in relation to plant ni-
trogen content. Annu. Rev. Ecol. Syst. 11: 119Ð161.

McNeill, S., and T.R.E. Southwood. 1978. The role of nitro-
gen in the development of insect/plant relationships, pp.
77Ð98. In J. B. Harborne [ed.], Biochemical aspects of
plant and animal coevolution. Academic, New York.

Mullen, M. A., A. Jones, R. T. Arbogast, J. M. Schalk, D. R.
Paterson, T. E. Boswell, and D. R. Earhart. 1980a. Field
selection of sweet potato lines and cultivars for resistance
to the sweetpotato weevil. J. Econ. Entomol. 73: 288Ð290.

Mullen, M. A., A. Jones, R. Davis, and G. C. Pearman. 1980b.
Rapid selection of sweet potato lines resistant to the
sweetpotato weevil. Hort Science 15: 70Ð71.

Mullen, M. A., A. Jones, D. R. Paterson, and T. E. Boswell.
1985. Resistance in sweet potatoes to the sweetpotato
weevil, Cylas formicarius elegantulus (Summers). J. En-
tomol. Sci. 20: 345Ð350.

Nottingham,S.F.,D.D.Wilson,R.F. Severson, andS. J.Kays.
1987. Feeding and oviposition preferences of the sweet
potato weevil, Cylas formicarius elegantulus, on the outer
periderm and exposed inner core of storage roots of

selected sweet potato cultivars. Entomol. Exp. Appl. 45:
271Ð275.

Peterson, J. K., and H. F. Harrison, Jr. 1992. Chemical fac-
tors involved in sweetpotato pest resistance and allelopa-
thy, pp. 263Ð272. In W. A. Hill, C. K. Bonsi and P. A.
Loretan [eds.], Sweetpotato technology for the 21st cen-
tury. Tuskegee University, Tuskegee, AL.

Peterson J. K., H. F. Harrison, Jr., and A. E. Muckenfuss.
1998. Sweetpotato [Ipomoea batatas (L.)] resin glyco-
sides: evidence of antibiosis effects in the diamondback
moth Plutella xylostella L. (Lepidoptera: Plutellidae). Al-
lelopathy J. 5: 43Ð52.

Prestidge,R.A. 1982. The inßuenceofnitrogenous fertilizer
on the grassland Auchenorrhyncha (Homoptera).
J. Appl. Ecol. 19: 735Ð749.

Ratnayake, B. M. 1995. Determination of categories of host
plant resistance to the sweetpotato weevil, Cylas formi-
carium elegantulus, in various genotypes of sweet potato
(Ipomoea batatas). M.S. thesis, Mississippi State Univer-
sity, Mississippi State, MS.

Reinhard, H. J. 1923. The sweet potato weevil. Tex. Agric.
Exp. Stn. Bull. 308:90.

SAS Institute. 1990. SAS/STAT userÕs guide, release 6:12.
SAS Institute, Cary, NC.

Scriber, J. M. 1984a. Host plant suitability, pp. 159Ð202. In
W.Bell and R. Carde [eds.], Chemical ecology of insects.
Chapman & Hall, London.

Scriber, J. M. 1984b. Nitrogen nutrition of plants and insect
invasion, pp. 441Ð460. In R. D. Hauck et al. [eds.], Ni-
trogen in crop production. American Society of Agron-
omy, Madison, WI.

Son, K.-C. 1989. Phytochemistry of the sweet potato, Ipo-
moea batatas (L.) Poir., storage root in relation to sus-
ceptibility to the sweet potatoweevil,Cylas formmicarius
elegantulus (Summers). Ph.D. dissertation, University of
Georgia, Athens.

Story, R. N., A. Hammond, M. J. Murray, L. H. Rolston, and
D. LaBonte. 1996. Selection for host plant resistance in
sweet potatoes to the sweetpotatoweevil 1995, pp. 71Ð79.
In Sweetpotato research, 1996. LAES Mimeo series No.
117. Louisiana State University Agricultural Center, Ba-
ton Rouge, LA.

Story, R. N., A. Hammond, D. LaBonte, P. Thompson, and J.
Bohac. 1999a. Evaluation of sweet potato germplasm for
resistance to sweetpotato weevil, 1996. Arthropod Man-
age. Tests 24: 436Ð437.

Story, R. N., A. Hammond, D. LaBonte, P. Thompson, and J.
Bohac. 1999b. Evaluation of sweet potato germplasm for
resistance to sweetpotato weevil, 1997. Arthropod Man-
age. Tests 24: 437Ð438.

Story, R. N., A. Hammond, D. LaBonte, P. Thompson, and J.
Bohac. 1999c. Evaluation of sweet potato germplasm for
resistance to sweetpotato weevil, 1998. Arthropod Man-
age. Tests 24: 438Ð439.

Summers, C. B., and G. W. Felton. 1994. Prooxidant effects
of phenolic acids on the generalist herbivoreHelicoverpa
Zea (Lepidoptera: Noctuidae): potential mode of action
of phenolic compounds in plant anti-herbivore chemis-
try. Insect Biochem. Molec. Biol. 24: 943Ð953.

Thompson, P. G., J. C. Schneider, B. Graves, and R. C. Sloan,
Jr. 1999. Insect resistance in sweet potato plant intro-
ductions. Hort Science 34: 711Ð714.

Tingey, W. M., and S. R. Singh. 1980. Environmental factors
inßuencing the magnitude and expression of resistance,
pp. 89Ð113. In F. G. Maxwell and P. R. Jennings [eds.],
Breeding plant resistant to insects. Wiley, New York.

Uritaini, I., T. Saito, H. Honda, and W. K. Kim. 1975. In-
duction of furanoterpenoids in sweet potato roots by the

1290 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 94, no. 5



larval componentsof the sweetpotatoweevils.Agric.Biol.
Chem. 37: 1857Ð1862.

Wilson, D. D., R. F. Severson, K.-C. Son, and S. J. Kays. 1988.
Oviposition stimulant in sweet potato periderm for the
sweetpotato weevil, Cylas formicarius elegantulus. Envi-
ron. Entomol. 17: 691Ð693.

Wilson, D. D., K.-C. Son, S. F. Nottingham, R. F. Severson,
and S. J. Kays. 1989. Characterization of an oviposition

stimulant from the surface of sweet potato storage roots
for the sweetpotato weevil,Cylas formicarius elegantulus.
Entomol. Exp. Appl. 51: 71Ð75.

Received for publication 22 November 2000; accepted 13
May 2001.

October 2001 MAO ET AL.: N FERTILIZATION AND SWEETPOTATO WEEVIL 1291


